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FOREWORD 
(Nontechnical  summary) 

A  variety  of  animals  exposed  to  ionizing  initiation  doses  in  excess  of  approxi¬ 
mately  2000  rads  exhibit  neurologic  symptoms  including  apathy,  disorientation,  ataxia, 
hyperexcitabiiity,  convulsions,  coma  and  early  death.  Since  the  inhibitory  neurotrans¬ 
mitter  gsmma-aminohutyric  acid  fGARAt  has  been  implicated  in  several  neurologic 
disorders,  its  metabolism  in  rats  during  the  first  20  minutes  after  exposure  to  10,000 
or  20,000  rads  pulsed  mixed  gamma-neutron  radiation  has  been  investigated.  Within 
minutes  after  such  doses  the  rat  becomes  temporarily  disoriented  and  ataxic.  Whole 
bram  GABA  ievois  rise  significantly  by  20  minutes  after  10,000  rads.  The  rise  is  even 
more  pronounced  and  begins  as  early  as  1  minute  after  20,000  rads.  L-glutamic  acid 
decarboxylase,  the  enzyme  which  syntheses  GABA,  increases  in  activity  as  early  as 
1  minute  after  either  dose  of  radiation. 

Since  rata  become  disoriented  and  much  less  active  for  several  minutes  after 
these  doses  of  radiation  and  since  an  increased  GABA  level  is  known  to  decrease  activ¬ 
ity,  GABA  may  be  involved  in  the  postl  rradiation  neurologic  symptoms  of  rats.  How¬ 
ever,  the  data  pre  sented  in  this  report  are  in  -entrust  with  Utc  general  decrease  in 
GABA  observed  in  some  convulsive  disorders.  Since  convulsions  are  observed  in  rats 
within  hours  after  higher  doses  of  radiation,  the  metabolism  of  GAM  durimr  radiation- 
induced  seizures  should  be  investigated  further. 


Hi 


ABSTRACT 


The  metabolism  of  the  inhibitory  neurotr&nsmitter  gamma-aminobutyric  acid 
(GABA)  was  studied  in  rats  subjected  to  10,000  or  20,000  rads  of  pulsed  mixed  gamma- 
neutron  radiation.  Whole  brain  GABA  levels  were  found  to  rise  above  control  levels 
by  20  minutes  following  10,000  rads  and  as  early  as  1  minute  following  20,000  rads. 
L-glutamic  acid  decarboxylase  activity  was  also  observed  to  rise  as  early  as  1  minute 
following  either  dose  of  radiation.  These  results  are  consistent  with  the  hypothesis 
that  GABA  is  involved  in  the  etiology  of  the  transient  central  nervous  .  ystem  disorders 
(apathy,  disorientation,  ataxia)  observed  n  rats  shortly  after  high  doses  of  ionizing 


radiation. 


I.  INTRODUCTION 


Doses  of  ionizing  radiation  in  excess  of  approximately  2000  rads  produce  a  vari¬ 
ety  of  clinical  and  behavioral  symptoms  cumulatively  classified  as  the  central  nervous 
system  radiation  syndrome.  These  responses  include,  over  a  period  of  time  and  in 
various  animal  species,  apathy,  disorientation,  ataxia,  hyperexcitability,  convulsions, 
incapacitation  and  early  death. 11  13  Tim  rapid,  transient,  and  species  specific 
nature  of  many  aspects  of  the  CNS  syndrome  suggests  a  possible  neurochemical  in¬ 
volvement.  The  inhibitory  neurotransmitter  gamma-aminobutyric  acid  (GABA)  and 

L-glutamic  decarboxylase  (GAD),  the  enzyme  which  synthesizes  GABA,  have  been  im- 

14 

plicated  in  the  neurologic  dysfunctions  associated  with  epilepsy  and  exposure  to  high 
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pressure  oxygen  or  hydrazides.  ’  However,  no  studies  have  boon  conducted  to  in¬ 
vestigate  the  effects  on  GABA  metabolism  of  doses  of  ionizing  radiation  sufficiently 

high  to  induce  neurologic  changes.  The  few  studios  of  radiation  effects  on  GABA  motab- 

<50 

olism  utilized  the  dose  range  of  400  to  1000  rads  of  low  dose  r ate  Co  gamma  rays  or 

x  ravs.5,G,s 

The  purpose  of  this  study  was  to  investigate  the  possible  involvement  of  an  altered 
GABA  metabolism  in  the  neurologic  radiation  syndrome,  l.j  this  initial  report  we  pre¬ 
sent  data  on  the  altered  GABA  metabolism  in  the  rat  during  the  first  20  minutes  follow¬ 
ing  exposure  to  10,000-  or  20,000-rad  doses  of  pulsed  mixed  gamma-neutron  radiation. 

*i.  MATERIALS  AND  METHODS 

irradiation.  Male  Sprague -Da  wley  rats  weighing  225-275  grams  were  exposed 
in  jiairs  to  either  10,000  or  20,000  rads  pulsed  mixed  gamn.a-neu’ron  radiation  from 
the  AFRHI-TRIGA  reactor.  The  rats,  which  were  irradiated  while  constrained  in  an 
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automatic  guillotine  device,  were  decapitated  at  either  !,  5,  or  20  minutes  postirradi¬ 
ation.  The  heads  were  allowed  to  fall  directly  into  liquid  nitrogen  for  rapid  tissue 
freezing.  A  detailed  description  of  the  radiation  source  and  the  automatic  guillotine 
device  has  been  reported.  ^  Hat  heads  were  stored  frozen  (-H0°C)  until  time  of  assay. 
Control  rats  were  treated  In  the  same  manner  as  altnve  and  were  decapitated  approxi¬ 
mately  10  minutes  after  a  sham  puiae  of  radia 

GABA  assay.  Rapid  freezing  of  llm  rat  heads  in  liquid  nitrogen  usually  resulted 
in  bilateral  splitting  of  the  skull  and  brain  fa*  i  Mating  removal  of  symmetrica)  half- 
brain  portions  (GQ0-700  mg)  of  frozen  tissue.  One  of  these  | tortious  was  removed  and 
GABA  detracted  as  follows,  A  10  percent  (w/v)  homogenate  in  80  percent  ethanol  was 
centrifugod  20  minutes  at  5000  x  g,  with  the  residue  being  washed  twice  with  percent 
ethanol.  The  combined  supornates  were  eva|x>rated  under  reduced  pressure  at  00°C 
overnight  and  the  residue  was  resuspended  in  Il.jO.  litis  aqueous  extract  was  then 
clarified  by  washing  with  CHCl^.  GAM  concentrations  were  then  determined  enzy¬ 
matically  by  the  method  of  Scott  and  Jakoby. 10  Pseudomonas  fiuoreseens  A.T.C.C. 
13400  was  obtained  from  International  Mining  and  Chemical  Corporation,  Skokie, 
Illinois. 

GAD  assay,  A  12. 5  percent  homogenate  of  each  remaining  half-brain  was  formed 
in  a  solution  containing  50  mM  potassium  phosphate  pH  6.8  and  1  mM  EDTA  potassium 
salt.  After  centrifugation  for  20  minutes  at  35,000  x  g,  GAD  activity  in  the  supernal© 
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was  determined  by  an  isotopic  assay  similar  to  Umt  employed  by  Roberts  and  Simonson 

15 

as  modified  by  Wilson  ct  ai.  in  an  incubation  volume  o(  0.05  mi,  final  concentrations 
were  50  mM  potassium  phosphate  pH  6. 8,  i  mM  EDTA  potassium  sail,  0.  £  r.,M 
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pyridoxal  phosphate,  0.5  percent  Triton  X-1G0,  1  mM  fi-mercaptocthanol,  1  mM 

GABA,  and  5  m.M  L-  jlutamate  (l-^C)  specific  activity  1.25  mCi/mmole  (obtaineu 

14 

from  CalAtoinic,  Inc.,  Los  Angeles,  California).  The  CO  produced  was  collected 
and  counted  wiUi  00  percent  efficiency  using  a  Nuclear-Chicago  Mark  II  liquid  scintil¬ 
lation  spectromcti  r.  Protein  content  of  the  extracts  was  determined  by  the  method 
of  Lowry  et  al.  ‘ 

Statistics.  Data  are  presented  as  the  average  ±  standard  error,  with  the  number 
of  samples  L.  mrenUicses.  Significance  testing  was  performed  using  the  two-tailed 
Student ’c  *'t '  distribution.  Significantly  different  indicates  p  <  0.05. 

III.  RESULTS 

CHnUal  symptoms.  Immediately  following  exposure  to  20,000  rads  Uie  rats 
showed  signs  of  apathy  and  extreme  disorientation,  some  experiencing  obvious  toss  of 
Uie  righting  reflex.  Those  severe  symptoms  abated  within  the  first  few  minutes  but 
the  rats  remained  ataxic  and  luUmrgie  Uiroughout  Uie  first  20  minutes  y.^lexposure. 
After  10,000  rads  simitar  bet  somewhat  less  severe  symptoms  were  observed. 

GAM  levels.  Following  10,000  rails,  GABA  levels  were  found  to  rise  during 
the  first  20  minutes  poslir  radiation  (Figure  1),  There  was  a  trend  towards  an  increased 
GAM  lev  el  as  early  as  5  minutes,  and  at  20  minutes  GAM  levels  l»ad  risen  to  2.41 
t  .0H{S)  ^moh's/g.  This  was  a  significant  increase  over  tile  value  obtained  in  Uie  sham 
irr, dialed  group  of  2,24  i  .05(15)  pmolcs/g.  Following  20,000  rads,  the  increase  in 
GAM  was  more  pronounced,  reaching  2.44  |  .08(8)  pmoica/g  by  1  minute  poslirradi- 
ation,  and  2. 5-*.  i  .  14(8)  ^moies/g  by  2ti  minutes. 
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ta.OCWJ  RADS  20,000  RADS 


Figure  1.  ('.AHA  levels  in  rat  brain  1,  5  mid  20  minutes  after  io.lioo  and 
20,000  rads  pulsed  mixed  gamma-neutron  radiation.  The  sham 
level  is  the  average  for  15  rats;  other  levels  are  the  average 
for  six  to  eight  rats,  liars  indicate  standard  error  ranges 
(»  indicates  mgnifi'-anfly  different  from  control). 


GAP  activity.  GAD  activity  also  increased,  though  not  significantly,  after  irra¬ 
diation  (Figure  2),  After  both  10,000  and  20 , 000  rads  GAD  activity  was  elevated  as 
early  as  1  minute  postir radiation.  At  20  minutes  this  increase  had  persisted  in  the 
rats  receiving  10,000  rails,  but  returned  to  control  levels  in  those  receiving  20,000 
rads. 
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IRRADIATED  MINUTES  AFTER  IRRADIATION 

10,000  RADS  20,000  RADS 

Figure  2.  GAD  activity  in  rat  brain  1,  5  and  ?0  minuter  after  10,000  and 
20,000  rads  pulsed  mixed  gamma-neutrou  radiation.  The  shar' 
level  is  the  average  for  15  rats;  other  levels  are  the  average 
for  five  to  eight  rats.  Bars  indicate  standard  error  ranges. 

IV.  DISCUSSION 

During  the  first  20  minutes  following  doses  of  10,000  or  20,000  rads,  the  rats 
showed  apathy,  disorientation  and  ataxia.  The  data  presented  in  this  report  indicate 
that  a  significant  increase  of  whole  brain  GABA  levels  by  approximately  10  percent, 
accotnpaMed  by  an  increase  GAD  activity,  occurs  in  conjunction  with  this  state  ob¬ 
served  early  in  the  postirradiation  response  of  the  rat.  This  trend  toward  an  increase 

5  6  8 

in  both  GABA  levels  and  GAD  activity  parallels  that  reported  by  others  1  ’  in  mioe, 
rabbits  and  rats  from  hours  to  days  after  exposure  to  400  to  1000  rads. 

Increases  in  brain  GABA  levels  of  approximately  the  same  magnitude  as  were 
found  in  this  study  have  also  been  reported  in  rats  breathing  hypoxic  gas  mixtures 


under  conditions  which  result  in  impaired  oxidative  metabolism.*®  These  findings  are 

4 

particularly  interesting  when  considered  in  parallel  to  those  of  Cohan  et.  al.  who  in¬ 
vestigated  the  effect  of  doses  of  high  energy  electrons  upon  respiration  of  cerebral 
mitochondria  in  rats.  They  found  that  at  5  minutes  following  20,000  rads  respiratory 
control  had  decreased  below  control  values,  remaining  low  at  1  hour,  and  finally  re¬ 
turning  to  control  levels  by  4  hours  postexposure.  However,  thev  observed  no  effect 
on  respiratory  control  at  5  minutes  after  10,000  rads.  Therefore  the  pattern  of 
changes  in  GABA  levels  and  in  oxidative  metabolism  following  these  high  doses  of 
ionizing  radiation  is  parallel  to  the  changes  induced  by  breathing  hypoxic  gas  mixtures. 
This  suggests  that  the  changes  observed  early  in  the  postirradiation  response  of  the 
rat  may  be  due  to  a  radiation-induced  state  of  hypoxia. 

Rats  begin  to  show  signs  of  severe  tremors  and  convulsions  within  1  to  4  hours 

after  radiation  doses  above  approximately  20,000  rads.  Since  the  impaired  respira- 

4 

tory  control  observed  by  Cohan  et.  al.  was  transient,  returning  to  control  levels  by 
1  to  4  hours  postexposure,  it  is  possible  that  GABA  levels  may  respond  similarly.  In 
fact  impaired  CABA  metabolism  at  this  time  may  be  involved  in  the  onset  of  radiation- 
induced  seizures.  Fur  ft  r  investigation  of  this  possibility  is  necessai'y. 
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